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NEXEII’IS Trends

By 2020 “Unrestrained IT power consumption
IT will be more could eclipse hardware costs and put
polluting than ope
aviation” great pressure on affordability, data -
center infrastructure and the CODE OF
(the Economist) environment.” CONDUCT

DATA CENTRES
Luiz André Barroso, (Google) Endorser
“The Price of Performance”




Impact of IT on Energy Consumption

NEXEH'IS

Typical 3000m?2 Data

Data Centre IT Load

Centre
t Consumes ~ 45MWhr/yr t Approx 30% ~ 15MWhr/yr
t Equates to 24,000 tons CO2 t 8,000 tons of CO2
t Equivalent to ~1600 Cars t Equivalent to ~540 Cars

Pressure to Reduce Carbon Footprint
‘@sﬂl



Ne Xans Evolution: Performance and Heat

t Server performance increased 75x
t Performance/watt has not kept pace
t Heat generation has increased 4x
t Smaller more concentrated locations

80
70 -
60 -
50 -
40 -
30 -
20 -
10 -
0 ——— : : . . . .
1999 2000 2001 2002 2003 2004 2005 200

Multiple

007 "

S

1) Belady C., “ In the data center, power and cooling costs more than the IT
equipment it supports,” Electronics Cooling , volume 13 no1 February 2007



NE Xans How to reduce energy consumption?

1. Power down servers and switches when idle
2. Reduce power when transceivers are in use

3. Monitor and manage where energy is used




NE Xdns |EEE Intiatives

Energy Efficient Ethernet (EEE)

A~



N exans Trends: in T0GBASE-T Semiconductor

t Power dissipation remains a concern
t Initial copper 10G chips consumed 12 watts

t Move towards lower power dissipation
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Moving to next-generation process technology reduces 10GBASE-T silic
(Combined Sources, ITRS, IEEE802.3)



NEXEII']S

2010: Aquantia

t Full reach at
3.5W/port

el AQUANTIA ..

Py

Quad 10GBASE-T Product Brief o
10GBASE-T Ethernet PHY Transceiver ~—

AQI401 ) AQ1202 / AQ1103

Aguantia’s quad port 10G8AZE-T PHYs provide the iow power and high density fo enabie 48 port
switches and lime cards. Dual port 10GBAZE-T PHYs provide e low power demanded by MICs and
LOM. The singie port member of Aguantia's high densky famity provides an upgrade path to lower
power for platiors based on the 17 generation A21002.

These products offer low ZWiport power for up 1o 10m (Data Center mode) with 2 .5Wiport at 100m.
Flexibie system interfaces support XF1J RXAUL / XAUL & 2GMIH. A pass-through option for XF| enabies
dual madia applications. Ault-rate capabifty are supporied; 103G G/100M.

Guad - 48 port switch platforms will axplolt e high port dersity provided with the AQ1401. it
Z5x28 mm BGA packages provides an excefent electrical and thermal envimorment. ie fievibie
X=| { RXAUI Interface supports a2 wide range of high dersity swiches

Dual — NIC and LOM appilcations wil leverage B low power of e AQ1202 o creais
pazsively cooled solutioms for the volume server market Hs 25323 mm fip-chip 8GA paciape
brings out S full XAUI inieriace in addition o XFland RXCAUL

Bingls — The singi= member of Aguantia’s I generation family provides backward
compatbiity o Aguanfa's first generation ACQ100Z, whie providing the opfions of X51 and
RMALUIL The low power of Bhe AC 1103 provides an =vceilent upgrade path for platforms based

on the ACH002.
[ FEATIRES | SUMMARY OF BENEFITS
» Low Fower » Fulicpea 180 Performanos
- Dota Cemer mode 3t 2 DWporn: - Sappors Up o 100m on GATEA
- Fui-readh st 3 SiWport - Bupports up bo 55m on CATE
» Robuoct Performanos o e e
- Excesds BER of 107 over 100w of CATSA » Famliiar A6 and Copper Cabling
E~ronmecior mode() = Delvers bensfis of SIGBASE-T wihout the
ostonmpexties of BFPs
+ Mutrats Connaciivity ol
- Eupports SDGJ1G100M » Aduanced Dlagnosilos
" Advanoed Cable Diagnostios T r e T
= e ¥ Eimpilfisd Board Decign
# Buiiin Thermai Management - Carmpact package redues Beat Funle
- Cnrchip thermal sensor with alam and L
WaTInD threshioids ¥ Duai Wedia Apploationc
» Wiake-Dn-LAM 3 - FlexbiEy o support copper or fher
- imbegrafed crcufiny o monior fSor Smagic- ¥ Enabisc High-Dencity Switohes
packes" - Low-power OuacHport enables Righrdensiy
* High-Perh auna T ‘mwiiches
- XF1VFDOALN § GALN ¢ S0ME ¥ Low EMI smicclong
® Pacc-Through Cption s F In =xlcting Iretaiiat

- XFl'o XF1 pass-through option: for dual = I0G1G100M Support SNSures bacoyand
rmeda appications compatblEy




NE Xans Power Consumption — Active/Inactive Ports

Typical switch with 24 ports 10/100/1000 Mb/s

W1 Gb/s

B 1 Gb/s (No data traffic)
H 100 Mb/s

[110 Mb/s

Number of active links

Source: Broadcom




NE Xans Opportunities to Reduce Power Consumption

Ethernet Traffic Profiles

+ Snapshot of a File Server with 1 Gb Ethernet link
— Shows time versus utilization (trace from LBNL)

File Server Bandwidth Utilization Profile

Start time 12:33 PIM 2/8/2007 (30 min)

utilization <=1.0 %

% WHilization [Gigabit Ethemmat]
s w = 2n - o =
= = = = = =

t IT equipment consumes a lot of power in idle state
~ E.g. Server ~ 80% of full load power

~ Network ports in switches and NICs ~ 90% of fu_u load
power
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NE Xdns Purpose of Energy Efficient Ethernet?

t New set of standards (IEEE
P802.3az) aimed at
reducing power
consumption of active
Ethernet devices

~ Servers, PCs, NICS and
switches

~ Copper only

EEE Objectives

Define a mechanism to reduce power consumption during periods of
lorw link utilization for the following PHYs

- 100BASE-TX (Full Duplex)

- 1000EASE-T (Full Duplax)

— 10GBAESE-T

- 10GBASE-KR

- 10GBASE-KX4

- 1000BASE-KX
Define & protocol to coordinate transitions to or from a lewer level of
power consumption
The link status should not change as a result of the transition
Ne frames in transit shall be dropped or corrupted during the transition
te and from the lower level of powsr consumptlion
The transition time to and from the lower level of power consumption
should be transparent ta upper layar pratocols and applicatians

« Define a 10 megabit PHY with a reduced transmit

amplitude requirement such that it shall be fully
interoperable with legacy 10BASE-T PHY's aver 100 m of
Class D (Catlegary 5) or bellter cabling (o enable reduced
power implementations

Aﬂf new twisted-pair and/or backplane PHY for EEE shall
include legacy compatible aute negoliation




NE Xdans Energy Efficient Ethernet Features

t |IEEE 802.3az Task Force initiatives
~ Low Power Idle (LPI)
~ Wake-on-LAN (WOL) feature




NE Xans Power down servers and switches when idle

~ 80% ~ 90%

Servers in idle state use up to 80% of full load power i
Switches in idle state use up to 90% of full load power e ’

Switch

Server
Energy Efficient Ethernet (EEE):

Low Power Idle
Detects “no communication”
Drops link speed to save power

Wake-On-LAN
Brings devices back out of sleep




~Low Power Idle” Savings on Network Link

NEXEH'IS

t Cisco / Intel LAB Tests demonstrated 15% direct Energy

Savings by enabling EEE on Cisco 4500 Switch (fully loaded
with 384 ports) '

1 892 Watts without EEE
1 751 Watts with EEE
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Source: Cisco / Intel White Paper : IEEE 802.3az Energy Efficient Ethernet: Build Greener Networks




NEXEII'IS

Impact of Energy Efficient Ethernet

Fibre Up-links in
backbone

Potential to use
high Grade
copper cable in
backbone for
extra energy
savings at
reduced cost

Copper links
Satellite
Equipment
Room

[ ]
]

users

Comms
Room/Data
Centre

Copper links

Low-Power ldle (LPI):

«Satellite EQuipment Room
switches and user PCs
«Satellite EQuipment Room
and Comms Room switches
«Comms Room switches and
servers




Energy Efficient Ethernet
Ne Xans IEEE 802.30z

t Wake-on-LAN (WOL)

~ Servers can consume ~ 80% of full load power when

idle

~ WOL feature turns server power down when idle

~ Assigns small percentage of standby power to network
card

» Restarts server when ‘magic packet’ is received

» >>>Enormous power savings

‘\CL--‘S!



Ne Xans Power Saving with EEE

Fower consumed by servers [W)

Full Load — Large energy savings possible

(e.g. up to 58% saving at 40% utilisation)

e I - - Works on Ethernet auto-negotiation
- Requires copper cabling -

s r auto-negotiation not available on fibre

2 w + External noise could affect recovery time

B ors s - Shielded cabling better choice
[T Beslgose




NEXEII'IS

Additional Opportunities for Further
Energy Savings
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IEEE 802.3an Power Backoff & Short Reach Mode

NEXEH'IS

t Power Backoff

» Mixed long and short link Alien Next problems inherent in UTP
10G cabling created requirement for Power Backoff in 802.3an

standard

~ Power Backoff feature already implemented in 10GBaseT

transceiver chipsets

t “Short Reach” or “Low Power” Mode of 10GBase-T

~ still under evaluation to determine power savings vs.

‘\CLQ

cost of implementation




Ne Xans Reduce power when transceivers are in use

: Power Backoff
using 10GBase-T

Turn down transmit
power over shorter
distances

Server

Full power




IEEE 802.3an :10GBase-T Power Backoff

NEXEH'IS

t |EEE introduced power backoff scheme to compensate for short link/long

link ANEXT

t Transceiver establishes length of channel
t Transceiver turns down power for distances below 95m

t Scale based upon distance and measured by insertion loss

Power Backoff Scale
Length (m) IL 250 MHz (dB) Backoff (dB)

0-25 <9.0 14
25-45 9.0-16.2 12
45-55 16.2-19.8 10
55-65 19.8-23.4 8
65-75 23.4-26.9 6
75-85 26.9-30.5 4
85-95 30.5-34.1 2

>95 .34.1 0




NEXEH'IS

Impact of Power Backoff

t Power Reduction of ~40% can be achieved by Power

Scaling due to length
~100m  3,5W 100%

af AQUANTIA
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Quad 10GBASE-T Product Brief =
10GEASE-T Ethernet PHY Transeeiver
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AQ1401 / AQ1202 / AQ1103

Agusntia’s quad port 10GSAZE-T PHYs provide the iow power and high density fo enabie 48 post
switches and ime cards. Dusl port 10GBASE-T PHYS provide T iow poaer demanced by MICs and
LOM. The single port member of Aquantia’s high densEy family provides an wppgrade path fo lower
power for plaforms based on the 1% generation AQ1002.

These products offer low ZW/port power for up fo 10m (Dats Cenler mode] with 3.5Wiport at 100m.
Flexibie syztem interfaces support XF1J RXAUL / XALUN & SGMI. A pass-through option for XF1 enables
dusl medis applications. Mult-rate Cpabiity are supponsd; 106151000,

Guad - 48 port switch platiorms will expioit Bhe high port density provided with the AQ 1401, it
Z5x28 mm BEGA package provides an excedent electrical and thermal envirenment. He fiexible
HE] ¢ RXALL Interface supports & wide Fange of high density swernes

Dual - NiC and LOM appications wil isverage T oW DOWSr 0f mie AR1202 o creals
passtvely oooled soutions for the vokrme serner market s 25025 mm Slp-<chip 854 package
brings out B full XAUimizrizce in addition io XFland RXALUL

Eingle — The singis member of Aguantia’s 2% generation family provides backward
compatbiity tov Aguanfia's first peneration AQ 1002, whie providing the cptions of X51 and

AL Th - AC1103 provides an svceflent upgrads pam for platorms based
m
SUMMARY OF BENEFITS

= Full-speo 1806 Performanoe
-  Suppors up o 100m on CATEA
- Suppork Up I 55mon CATS
- EUppOTE LD I £5mon CATSS

= Famliiar RA6 and Copper Cabling

= Muth-rate Cormaotivity
- Eupporis $0GAGHOO

+ Advanged Cabie Diagnastios sl bl el
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- Enabies masy connachity debug
= Eimpitied Board Design

@ Bulfdn Tharmal Bansgsment . Campact package regucss e esae
- Orchip thermal senmor wish alam and =
waming threshoids = Duai Media Apploations
» WakeOnLaN Bupport = FlexbiiEy io suppori copper of fher
- imbegrated CFTUSry i monior for “magic- » Enabdsc High-Dencity 2wifohsc

- Low-power O uad-port enables Righ-denrcty
+ High-Performanos inferfaces i

- NPT FOOALE T XCALE ¢ SEME ®  Low EMI smicclone
= Pacc-Throwgh Cptlon * Flexiblity In =xlcting Inctailaticon:
- KR XFt ‘option for dusi - DG/15D0M support ensures backwand
meda appications ‘compatblEy




Side effect: Energy Saving on better cabling

NEXEH'IS

t The Power Backoff feature makes better cabling
attractive .......

t Less Insertion loss can be achieved by shorter distance or higher

cable grade
t The higher the cable grade, the lower insertion loss

t This translates into less signal strength and lower power

consumption for input power = Energy Savings

t Independantly of A-XT issues




Insertion Loss (dB)

NEXEII']S

Benefits of higher grade cabling

Channel insertion loss
CatbA / Cat7A / LANmark-7A

15011801 Class EA IL
15011801 Class FA IL

LANmark-7A

0= T T 1 T 1 T T T T 1
[i] 100 200 00 A0 500 600 T00 200 and 1000

Frequency (Mhz)

Length using Power Backoff at 9dB

|[EEE 10G
Class EA Link (Cat 6A)
Class FA Link {Cat 7A)

LANmark-7A

| I I i 1 I | 1
9 5 10 15 20 25 30 35

Length (m)




Summary of Power Backoff

NEXEH'IS

t LANmark-7A superior Insertion Loss can extend reach of

10G for the same Power Level

t Long server rows more energy efficient (less CRAC
required)

1 Server Rows can be 10 cabinets longer using
Cat.7A

1 Server Rows can be 140 Servers longer in low
power mode

t LANmark-7A can cover 90% of all installed data centre

‘\CL*%

links at full power backoff




NE XdNS Reduce power when transceivers are in use (2)

Technique Estimated Savings
Disabling Viterbi Decode 15%
=
d B AN e s
CES ' - - .
G e Disabling MEXT cancellers 15%
|'. .'II' N S T, e |
A e
¢ NP S— ]
e .‘T—"'."E::r Rl
SR E A Reducing equaliser laps 5%
Reclucing bit widlths 5%
Echa MEXT FEXT 51 Error P ol s
Cancelled ~ Concelled  Concelled ~ Removal ~ Cancslled CHBIER SIVINE
Sourcs: Solaflare Communications, Ine, Sourca: CommsDasign, 25th Septambar 2009




NEXEII'IS

t TOGBASE-T Silicon Example
~ Echo, NEXT, and FEXT cancellers

account for ~ 40% of the area and

Coding (LDPC, DSQ-128, FEC, etc)

—+<« DSP — -

Echo NEXT FEXT
roughly 40 % of the power Canceller Canceller | Canceller
consump’rion D :l

w I | Other |
. L DAC ADC ' PLL | |
» The coding elements account for ~ '1‘ | ' Analogue

____________________________________

25% of the area, while the
remaining 35% of the chip’s area is

taken up for the AFEXT cancellation




NE Xans SNR comparison

Signal to Noise Ratio of various
cabling at 10G frequency (420Mhz)

IEEE 105G TIA Ad 10 CatéA SO CLASS EA [SO CLASS FA

20




NE Xd NS Class EA versus CLASS FA RL Headroom for 10G
Power Saving

ISO 11801 Channel Return Loss

t Class FA offers 2 Class EA and FA
dB lower RL at o0
18
420 MHz g \\
t 25% better as :: \
Iimif Iine for 3 e 7 = CLASS EA CHANNEL RL
CatbA z | ——CLASS FA CHANNEL RL
t Enables less ;
ECHO 0
0 100 200 300 400 500
Cancellation in Frequency [MHz]
active
equipment

‘&ﬁ



Aquantia Publication July 2010
NE Xdlls

t Recent Publication from Aquantia announce that SNR
probing is already implemented

t “Achieving low power in the data center with 10GBASE-T” by Kamal Dalmia and Ramin
Shirani, Aquantia published 7/16/2010 9:21 AM EDT

t “...the TOGBASE-T PHY determines the quality of the link, cable reach, SNR, etc. The PHY,
if designed for Data Center Mode, then has the ability to turn off any unnecessary set of
cancellers, recognizing the environment to be within 10 m. As these cancellers constitute
a majority of the power consumption, turning them off in this mode allows the part to
shave off close to half the power. In this kind of innovative design, the part can also be
“forced” into the Data Center Mode, allowing the system to be designed with a
guaranteed reduced maximum power consumption.”




NE Xadns Period for Return on Investment

t Better Cabling costs more money and requires higher
investment

t Do the Energy Savings provide a Return of Investment 2

A~



N Can investing in a future-proof network today
exans lower IT costs over the next decade?

10G installed in 2013 10G installed in 2016

40G installed in 2017 40G installed in 2020

Total installed cost = Est. lifetime Annualised cost Est. lifetime Annualised cost
Cat. 7A S/FTP €13.170 15 €878 15 €878
Cat. 6A F/UTP €9.960 7 €1.423 10 €996
Cat. 6 U/UTP € 8.000 3 €2.667 6 €1.333

Assumptions: Network of 100 channels.
Excl. costs of removal cables and downtime of network

High end
systems are
30% more

cost efficient




N exans Benefits of higher grade copper cabling

Payback on energy saving using better cabling
Potential Power Savings of Cat.7A compared to Cat.6a running 10GBase-T

Relative Investment / Saving

Year Year Year Year Year Year Year Year Year Year

| 2 3 4 5 5 7 8 @ 10

I Cumulative Energy Savings of 2,5 Waitts/Port
B Cumulative Energy Savings of 1 Watt/Port
B Surplus Investment for Initial Installation




NEXEII'IS

Additional benefits of better quality
cabling .....

LV



NE XaNsS Data Centre migration path to 40G for copper




NE XaNsS Data Centre migration path to 40G for copper

I =

GG45 links
RJ45 patch cords

Switch
10G

Server
10G




f\fe XaNsS Data Centre migration path to 40G for copper

Switch
40G

GG45 links

GG45 patch cords

easy upgrade
easy installation
long usable life span

low cost of ownership
Server

40G



NE Xdns Power over Ethernet (PoE)

PoE boosts adoption IP

PoE+ (2 pairsenergized - 0.35A per wire)

w0 convergence
0 Gatbe HUTP(0,52mm ANG24) ° M
_ Jate Reduces power cabling
4 @ Git6 FUTP(0,55mm)
i A, - PoE+ supports up to 25W
E - Watch effect on heat
E L d L] L)
3 | dissipation and ...
e
= g - ... on distance support and
2 bundle size
1
o,J:.Z-‘FI:-‘ ‘ ‘ Tl oL 0T TR
1 7 19 37 61 o1 127 169 SN S Do e )
Nb of cablesinthe bundle B S e Pramco.

e wtpandrg ctedwh ey S S e o

HRT Bhewied BRI Jei = 2008

Direct recognition from @lEEE
for Nexans Research Centre




NEXEII'IS Summary

t Power Savings in IT and data centres more and more seen as

mandatory not optional
t Impact of 10Gbps NIC Cards Power Consumption not clear yet
t |IEEE802.3az encourages Copper over Fiber
t Cat7A offers greatest potential for energy savings
» Enables full Power Backoff for long server rows
n 35%-50% less power consumption due to excess SNR / better ACR

t 40G Migration

t Enhance PoE support




NEXEII']S

Questions?



